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COMBINA fORIAL CHHMICAL LIBR/^Y SLTPORTS HAVING INDICIA AT CODING PCSmONS AND METOODS 
OF USE 

Field of thf Invention 

This invention relates to a method for the multiplexed detection, analysis, and 

qiiantificatior. of anaivtes. 

Rackground of the Invention 

Multiplexed analysis of anaiytes is an importan: tool in biomedical discover>' 
such as drug development, genome analysis, and diagnostics. .\n exemplary use of 
multiplexed analysis is the study of the human genome structure and expression. 
Recent study of the human genome has demanded simultaneous study of many 
genomic sites instead of senally studying individual sites. Particularly ur.ponant to 
multiplexed genomic analysis arc tools such as nucleic acid arrays commonly knov^Ti as 
DNA chips. 

Although the basic principles behind microanavs are sound, the manufacture 
and analysis is expensive and complex. As a result, uhile the number of potential 
applications is great, few laboratories can afford the technology for their diagnostic or 
research goals. The described invention addresses this discrepancy allovving for 
muluplexed analysis that will not have the cost prohibitions of current microanay 
products. 

Arrays are also used in drug discove^v^ for example, by identifying gene 
expression of human cells and their response to drugs, hormones, inhibitors, enzymes, 
and other molecules. Although the basic principles behind arrays are sound, previously 
described methods are difficult and costly to manufacture and analysis is often 
expensive and complex. Signature patterns of expression may indicate new drug 
targets, permit rapid screening for drugs of desired effect, and potentially reduce the 
lime from bench to bedside. One of the most important applications of microarrays 
will probably be m the field of pharmacogenetics. Pharmacogenetics is the study of 
how an individual's genetics can affect the probability of different treamient outcomes 
and how the response to a medicauon can differ based on an individual's genetically 
determined metabolic constitution. These differences arise from polymorphisms 
(minor differences m gene sequences) in the genes responsible for the actual drug target 
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or m ^enes that direct mctabol.c enzymes that actn ai.. deactivate or alter the drag m 
.J,, body Microarray. ^vUl be used dunng the dru, discovery process, the screening of 
panic.pa.Ls :n clinical doig tr.ais. ar.d very likely as pan of the standard cUmcai work 
up of patients. 

Mdtiplcxed analysis of analyte samples may be achieved by parallel 
processing. In panicular. reactions where an analvte will selectively react with a sub- 
population compour.d from a larger population of daierent compounds, are ideally 
suited for parallel ar.alysis. For example. L'S Patent ^744.Mb, herein mcorporated m 
,ts entirety by reference, aescnbcs the use of a collection of compounds arrayed on a 
planar surface, where panicular compounds are synthesized at panicular regions on the 
planar surface. TTie array is then contacted with on ^L^alyte such that cenain 
compounds in the analyte will specifically bind an array compound 

Existing array methods require arraymg compounds by situating such 
compounds onto surfaces, for example, a glass slide, in predefined different locations 
either bv spotting preformed compour.ds, or by synthesizing compounds in^suu. 
Compound identity is maintamed solely by its position up.^n the array sunace. 
Accoraingiy. me enure array must remain intact lor me ounation or me analysis, ror 
example, compound identity would be lost if the anay w^ere sectioned into individual 
compound sections that were then randomly shuffled, it is impossible, therefore, to 
recreate the origmaJ array without knowledge of the chemical identity of each 
compound section. A shufTled array may be reconstnicted, however, if the chemical 
identity of each compound section could be ascertained. Direct analysis is unlikely 
since the amount of compound present within a compound section is often too minute. 
If a unique and detectable code is associated with each compound section, then the 
code would correlate to a particular compound, or region withm the array, from which 
the compound section was denved. A coded compound section then compnses a 
substrate linking a compound and a code. Encodmg compounds imparts portability 
upon the compound not found with unencoded compound arrays. 

.Arrays can be in the form of t^vo-dimcnsionaily distributed rmcroscopic spots of 
nucleic acid material deposited on a sohd matnx, usually a microscopy slide. The task 
of depositing thousands of these spots requires automation. One approach to 
automation is to pnnt arrays by using computer controlled high-speed robotics. Here, 
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diffcrem DNA probe re,,ons are prod.ceJ by first amplUMng targe. DNA 
bv PCR Next, mtnute s«.pl« of *c now amputled DNA arc transferred to glass 
sl.Jes tastng a robot.e pr.nter head. Glas. sl.des are pre-coated w.th a chemtcal l.aker 
that unll retarrt the probe DNA spots .n place desptte heat denatura.ron. Standardization 
< and reprodueibilKv of array spotting is difficuh to acmeve-by printing anays beeause of 
Ihe source of the molecules and the method tor their deposition. For eNample, DNA 
can be viscou. and theretbrc hard to dehver aeeur.tely through the narrow channels 0. 

a Lvpical pnnt head. 

When arrays are manufactured -..h pnnt heads, the pnnt heads must lirst be 
n CPed ..th different samples of probe DNA. and th.en the head is moved for deposition 
on slide, Tltis requires the use of computerized roootics to direct the pnnt head to go 
back forth between the source of DNA. particular coordinates on the solid matri.. 
(glass slide), and washing and dry ing sutions. The printing speed allows 20-60 arrays 
each co-.tai.ang 4000 compound locations to be manufactt^ed in 3-4 hours. Scalability 
,5 ,s accomplished by simultaneously pnnting more arrays, ms, of course, necessitates 
additional expensive spotung systems, thus raising costs. 

..n alternative to pnnted anays is the ase of light-directed synthesis to construct 
high-densitv DNA probe arrays (or DNA chips,. Instead of deposiung DNA solutions 
on a slide surface, the DNA is formed .7u by synthesizing a desired DNA sequence 
,0 directlv onto a solid support. T^e solid support typically contains a covalent hnker 
molecule with . pho.olabilc-protecting group. Bv selectively applying light to some 
,ues and not others, the light exposed sites Income activated. Activated sites Uten react 
with protected nuclcoudes while the inactivated sites remain unaltered. ITus cycle can 
be repeated several times using dtfTerem masks and thus producing a high-density two- 
,5 drmen-sional mauix contauting different sequence probes. Complex DNA mixUires are 
then analyzed by correlating active compounds to their fixed position within the r^o 
dimensional array. 

DNA applied to array surfaces can be denved from fully or partially sequenced 
DNA clones, EST's (E.xpressed Sequence Tags), or any cDNA chosen from a Ubrary. 
30 A two-color hybridization scheme is typically used to monitor the presence or 
amplification of the DNA regions of interest. Two-color analysis provides for 
comparison of two DNA sources. For example, in CGH (Comparative Genomic 
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Hvhndizanoau one source of DNA ;s ihe test DNA ar.d the other is the reference DNA. 
After these cwo iluorescendy labeled sets of DNA are nybndized :o the array, the 
resuhing raiio of HuTcscencc mtcn.:nes at a given spot can be quantified. This 
measurement then yields a ratio of copy number corresponding to th.' reference ai:d lest 
: DNA associated with that particular DNA or probe region of ttie array. 

Both spotted and m-situ anays must oc mdividaally manufactured by expensive 
.rnd often temperamental cquipmen:. !n-5Uu synthesis reqmres hours ofstepw.se 
,5 reactions to create one md.vidual compound array. Even if muhiple arrays are 

synthesized simultaneously, the process is machine and ma.k limited. Moreover, each 
;o ume a new array compound paaem :s desired, a new set of masks must be fashioned. 
TOs problem magmfies as higher densities of different compounds are placed onto the 
2° surface. Since compound idenu:y infonnation is strictly oosiuonal, highly 

accurate placement of individual compour^ds is an absolute and non-tnvial requirement 
for fabncating high-density arrays. 
1 , The invention described herein overcomes these and other problems with 

present array technology. 

Rrief Descri ption of the Drawings 

30 pigure 1 depicts exemplary coded chip (101) having 1 6 bits of inlormation 

20 encoding 65536 classes. 

Figure 2 provides an exemplary method for manufacturing coded chips. 
Figure 3 depicts one preferred embcdimem of using layered taggants as earners. 
Figure 4 depicts a method for comparative hybridization analysis 
Figure 5 depicts the detection of DNA after PCR. 
25 Figure 6 depicts a method for speciacaMy detecting and identifymg different 

40 microorganisms suspended in a liquid medium. 

Figure 7 depicts a method for measuring CD4;CD8 T cell ratios in blood 
Figure 8 depicts a method for screening synthetic molecular compound libraries 

tor drug discovery. 

Figure 9 depicts a surface with carriers disLnbuted thereon. 
Figure 10 depicts several different embodiments of taggants. 
Figure 1 1 depicts a fused glass fiber earner. 
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; Fmuri: 1 2 depicts method tor usmj Lcirrier^ 

Fmure 13 depicts an array organizer. 

Siimniarv of the Invention 

. The invention provides for a chemical-library composinon compnsmg a 

plurality of coded earners, each having at least N> 1 specitied code positions ar.d one of 
M-.-l detectable mdicia at each code position, such that each c.rncr cai. he identified by 
,5 one of up to different code combination^,, and a different kr.o^^ii chemical 

compound earned on each different-coded carrier, ditTercni compounds in the 
composKion may be. for example, oligonucleotides having a kno..^, defined sequence, 
oligopeptides having a Wsn. defined sequence, small chem-.cai compounds having 
23 i,nown defined stmclural formulae, or targets such a^ receptors 

Other preferred embodiments have N>2, 3, 4. 5. 6, 7, 8, % and 10. and M>2. 3, 

4,5,6,7, S. 9, and 10. 
. . In another aspect, the invention includes a method of forming a library of 

aeiermmable chemical compounds. The method comprises first placing into each of a 
pluralitv of separate reaction vessels, carriers havmg a selected one of a plurality of 
detectable code combination, each defined by one of N>1 specified code positions and 
30 one of M> 1 detectable mdicia at each code position, such thai the carriers in any vessel 

20 all have one of up to different code combinations. The earners are then reacted 

v^^lh reagents effective to form on the earners, as solid-suppons. a selected one of up to 
different knovm library compounds. The composition is formed by forming a 
"^^ mixture of earners from different reaction vessels. 

In still another aspect, the invention includes a method of detecting one or more 
target molecales capable of binding specifically to one or more different, knovvi. library 
compounds. The method includes the steps of (1) contacting the target molecule(s) with 
a chemical-Iibrary composition of the type descnbed above, (ii) distributing the earners 
for individual-carrier decoding, (iii) detecting earners having bound target moleculc(s) 
and (iv) decoding the earners having bound target molecules, to identify the library 
30 compound(s) to which the target molecuie(s) are bound. 

In one general embodiment, each of the earners is formed of N separate layers, 
each layer having one of M different color indicia. For example, each carrier may be a 
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^ cvlmdc: of .ucked i.ycrs, where ihe cvlmdcr ^un..:crs ar. n: v.c ! to 200 micron 

range In .moiher genera: embouimenL each o.n^.cr na. a .urla.e tnai is portuioned into 
N surtace region., and each re.ioa contains one ol a. leas: t.vo dtfterent surface tndic;a 
In still another embodiment, each of the earners ha5 a magnetic or Fora-magnetic layer 
5 or component Lnat allows for magnetic separation and orienutton of me earners. 

The invention ftirther provides for a kit comammi^ separated carriers for user 
comp..and add.non contaimng md:vidual popuUnons of discrete earners capable of 
,5 'rK-mg loaded with user-defined compounds. Compound containing earners may then 

be mixed with other compound containing earners :o form user-defined libraries of 
,0 compounds on earners. Such compound libraries may then be screened according to 
methods described in this specification. 

The invention further provides for an organized chem.caldibrary anay. The 
array compnses a plurality of coded earners, fixedly organized in an array-forming 
device. Each coded canicr having at least N>1 specified code positions, and one of 
M>1 detectable indicia at each code position, such thai each earner is identifiable by 
one of up to different code combinations. .\.nd. a different known chemical 
compound earned on each different-coded earner, and where the position of each 
coded-earner is coordinated with a detemiined earner identity and corresponding 
compound identity. 

20 rhe mvention further provides for a method of detecting one or more target 

molecules capable of binding specifically lo one or more different, known, library 
compounds. The method compnses contacting th.e target molecule^s) with a chemical- 
Hbrary composition composed of a plurality of coded carriers, each havmg N> 1 
specified code positions and one of M>1 detectable mdicia at each code position, such 
,5 that each earner can be identified by one of up lo M^' different code combmations,-and 
40 , ^fxerent known library compound earned on each different-combination carrier, 

under conditions in wh:ch the target molecules can bmd specifically to known library 
compounds. Tl^en distributing the carriers for individual-camer decoding. And, 
detecting earners havmg bound target moleculecs ) and decoding the earners having 
bound target molecules, to idenUfy the library compound(s) to wWch the target 
molecule(s) are bound. 
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I h. rnontum tu.-n=. provides for a mcUlod mu;.,plcxmg the J=t=cnon and 
^uficauon .,fanalv.«. The mch-xls comprises ih= steps ofdisaibudn, on a surtax 
a pluraUtv of coded carrier, havmg J.ffcrcn. cou-.pounds atuched to d.:fe:ent earner.. 
Then scanning the surface for earners hav.n, a detectable reporter, recording the 
posicons of the carriers havmg a detectable reponer, dcterrrtintng the code tor each 

cunier ai c'dch recorded position. 

me invention al.o provides an array device. The device comprises a surtaec. 
and a p[uraJit>' ol coded earners having different compounds attached to different 
earners, ^vnereln the earners are randomly distnbuted upon the sunaee, 

These objects and features of the invention will beconne more fully apparent 
when the following detailed description of dte invention is read m conjunction w.th the 
accompanying dra\*^ing^ 
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llM .ili-il neicriptiop "f 'he Invention 

The inveniioti provides for a chemical-Iibrars- composition comprising 
a piurahtv of coded earners, each havtng at leas, N>1 spcc.fted code pcsittons and one 
of M>1 detectable indic.a at each code position, such that each carrier can be identined 
by one of up to M'' different code combinations, and a different knov^ii chemical 
30 compound carried on each different-coded earner. The different compounds in the 

,0 composition may be, for example, oligonucleotides or peptide nucleic acids havmg a 
kno^« identifiable characteristic (usually the nucleotide sequence), oligopepUdes 
having a knov.r, identifiable charactenstic (usually the amino acd sequence), small 
chemical compounds having a known identifiable characteristic (usually th.e structural 

formula), or targets such as receptors. 
,j The term position is defined broadly as including spatial relationships such as 

40 ' linear relation, t^vo-dunensional relation, and three-dimensional relation. Preferred 

embodiments define position as wo-dimensional. or three-dimensiotaal, but not linear 
relation Other embodiments of the invemion provide for position as being a temporal 
relation such as in timing between events. A position, therefore, exists relative to 
30 another position. In yet other embodiments, each position included greater than four or 
five indicia. And in stUl other embodiments, each position does not contain nucleic 
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.icid .nd,c.a. .Viia in yet sii:i cih.r crnbo^im.nis. i.Mictd at. cr^iy opi.caiiy de:eciabie. 
la other embodiments, posilion is not mean: to include ra:ikinu 

In another us-d.cU the mvcntioa induces a tr.eiaod or :ormLng a library of 
dciemiinable chemical compoui^ds. Tnc method cotnprise:; nrst placing into each of a 
plunHty of a separate reaction vessels, carrier. haMii. a selected ot.e of a plurality of 
detectable code combinanon, each dcfinea by one of N>1 specitiod code positions a^d 
one of M> 1 detectable indicia at each code position. ..ch tha^ the earners m any vessel 
all have one of up to dUTerent code combinations. The earner, are then reacted 
with reagents efTective to form on the earners, a. solid-supports, a selected one of up to 

different knowTi library' compounds. The composition is lormed by a mixture of 
carriers from different reaction vessels 

The carriers placed in each reaction vessel mav each 'oe formed, tor example, of 
N separate layers, each layer having one of M different color indicia. The reacting may 
tnctude Lhe steps m a stepwise oli^jomer synthesis reaction that are effective to fomi 
oligomers with known detlned sequences on the solid-suppcrt earners. 

The mvention provides a method of forming a library of deterniinable chemical 
compounds, ITie method composes the steps of placing into each of a plurality of 
separate reaction vessels, carriers having a selected one of a plurality of delectable code 
combmations. Code combinations are defined by one of N>1 specified code positions, 
and one of M>1 detectable indicia at each code position, such that all carTicr3 in any 
vessel will all have one of up to \f different code combinations. Then reacting the 
earners in each vessel with reagents effecuve to form on the earners acting as solid- 
supports, a selected one of up to different knovs-n librar. compounds, and forming a 
mixture of earners from different reaction vessels. 

The invention further provides for an organized chemical-library array. The 
array comprises a plurality of coded earners, fixedly organized in an anray-fonning 
device. Each coded canier having at least N>1 specified code positions, and one of 
M>1 detectable indicia at each code position, such that each earner is identifiable by 
one of up to different code combinations. And. a different known chemical 
compound canied on each different-coded carrier, and where the position of each 
coded-carrier is coordinated with a determined earner identity and corresponding 
compound identity. 
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Tr.c mvenlu)!! yci tunhcr pruMdcs .1 method of detect; n.; .me or more urge: 
niolcculca capable of binding spccincally m one or more diiTerent, kiiowti library' 
compound. The method compnses contacting ihc taruet moieculci s ) wuh a chemicaU 
librar, composition composed of a plurality of coded earners. Kacn coded carrier 
navmg N>1 specified code positions and one of M> 1 detectable indicia at each code 
posuion, .^uch that each carrier is identifiable by one of up to different code 
combinations. And, a different known liDrary compound cxiied on each ditTcrcn:- 
f5 combination carrier, under conditions in which the target molecules can bind 

spccthcaily to knov.m library compounds. Ihcn distributing the earners for individual- 
ly earner decoding, and detecting earners having bound target mo:ecule(s) and dccodmg 
the carriers having bound target molecules, to identify the library compound(s) to 
"° which the target molecule(;s) are bound. 

In still another aspect, the invention includes a method of detecting one or more 
target moiecules capable of binding specifically to one or more different, known library 
compounds. The method mcludes the steps of (1) contacting the target molecuie(s) with 
a chemical-library composition of the type described above. (11) distnbuting the earners 
;.u,...ua;-.-n.. uc.uuu:^, uu; uciecung earners naving :x;una target molecule(s) 
and uv) decoding the earners having bound target molecules, to identify the library 
30 compound(s) to which the target molecule(s) are bound. 

.0 More generally, in use. the method of the mvention is designed for detecting 

one or more target molccuies capable of binding specifically to one or more different, 
knoNMi library compounds. In practicing the detection method, the target is contacted 
witn the library composition of the invention, that is a chemical-library composition 
composed of (i) a pl-orality of coded carriers, each having N>1 specified code positions 
2; and one of M>1 detectable indicia at each code position, such that each carrier can be 
40 identified by one of up to M'' different code combinations, and (li) a different known 

library compound carried on each different-combination carrier. Contacting is earned 
out under conditions m which the target molecules can bind specifically to known 
library compounds. For example, in the case of polynucleotide target binding or 
ohgonucleolide-coated earners, the contacting is earned out under conditions in which 
the target can bind by hybridization to complementary-strand oligos on the carriers. 
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The earners, ^ome of which have bound larger, are then d.sinbuied tor 
,ndiv,dual-camer decoding In the exaniple dc.cnbec above, cylmdncal earners are 
distributed tor carrier nou- through a capillary How p.th. Aliemativeiy, the earners 
mav be e.ammed or scanned, e.^^.. by light microscopy or ra.ier scanning, according to 

'0 ' . ■ 

5 methods employed tor DNA-chip scanmni:. 

The scarming is operable to detect carriers having bound target The target may 
be detectable m native form, or may be labc-led. e,, , by tluoresccnt label, for detection. 
^5 Carriers hav mg bound target are then scanned to decode the cam.rs. allowing Lhe 

specific compound carried on the earner to be identified. 
,0 It vvill be appreciated that this method can be used m any application currently 

employing posiuon-addressabie arrays of compounds, for example, oligonucleotides, 
but tn a much simpler, less expensive tbrmat. 

Carriers and anal>ncs may mteract m a tube and may be deposited on the shde 
for -readmg" purposes. ITie manufactunng process consists of producing different 
^5 1. classes of earners and coating them with different probes. For example, microbeads 

could be used as carriers since the manufactunng of microbeads of different size and 
color IS well developed and the t)eaas are commercially available trom several sources 
(Bangs Laboratones, Fishers, FN'; Molecular Probes, Eugene, OR). Coating of beads 
30 DNA and other reagents is also a common procedure (Bangs Laboratones, 

;o Fishers, IN; Luminex Corp.. Austin, TX). Furthermore, beads have been used in flow 
cytometry also to analyze reaction products. 

For the analysis of the binding of target the carriers may be distributed in the 
random fashion or may be distributed by placing them at discrete locations on a 
substrate surface, where the detecting and decoding steps may be earned out by a 
25 detector operable to scan the substrate surface. 
40 If the earners are multilayered color carriers, one possible approach to their 

identification is as follows. A histogram of directions of layers present in the image 
above the brightness threshold of carriers is constructed. The areas of similar 
onentation are found by double-sided thresholdmg from the peaks of the direction 
histogram. These areas are then analyzed by means of Madiematical Morphology 
described in Serra, ^Image Analysis and Mathematical Morphology", Vol. 1. Academic 
Press, London, 1989, herein incorporated in its entirety by reference, to remove noise 
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and tc.t di.ir shape U) determi.e the resulting arerLS are e:mJidates tor reaUmg the 
code Once the carriers x^e segmented ar.d their onentatio:i known, a projection of the 
unaiie on the line perpenaicular to the ba^ids can be calculated Profile, of this 
projection in each color are analyzed, the bands identitled. and the code extracted 
' 5 according to the relative brightness of the bands m each color. AW carriers have ir.e 

same number of Do^ids, a.nd poss.hiy not all code comhmations are u.scd for :ed..:ndanc> 
and error correction. Tnc earners ^^.th fewer than normal number of bands ar. rejected 
'5 The code is then tested on the error condition and rejected or corrected. Error 

correcting codes were developed in information theory/ descnbed in Piess. 
,0 '-Introduction to the Theory of Error-Correcting Code.<-. Wiley. New York. 1982, 
herein incorporated in its entirety by reference. 
-° The preceding paragraphs deal with image processing required to identic a 

earner as belongm. to a certain earner class. The second task is to measure one or 
more reporting modalities, e.g.. one or more Huorescent colors, or one or more 
,5 : 5 absorptive colors for each earner- ll^is can be done essemially wr-h the same uriaue 

processme methods, e.g., correcting the background and calculating the integrated 

u.o... rue mure accurate approacnes may be l)Ukir.g 
pixelwise ratios of fluorescent colors and then averaging it within the earner, or 2) 
30 t^i^g linear regression coefficient as described in fCom. et al., "Malhemaucal 

20 Handbook for Scientists and Engineers", McGraw-Hill. New York, 1961 of one 

reponing color to another reporting color on the pixels belonging to the earner or to a 
pan of the earner designated for measurement. In competil.ve hybndization scheme 
the above mentioned linear regression coefficient is the sought after parameter. It is 
desired to evaluate this parameter with as little error as possible. Smce segmentation of 
25 the earners by thresholding or any other means may not be accurate, it is suggested to 
40 the error of Imear regression coefficient as the basis of final segmentation. Tms 

error is detemuned statistically on all pixels, which belong to the earner (or part thereof 
as mentioned above). The rcfmed segmeniaiion is achieved in a sequence of 
approximations that systematically modifies the outline of the earner to minimize the 
30 error of linear regression coefficient. This process may be constrained by conditions 
like minimal and maximal number of pixels, or connectivity-, or shape of the outline. 
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^ The addmonal bonefit oUh,5 approach is thai ihc resulting error caii be used a. a 

measure ot' confidence of the regression coefficLcni. 

..Noiolhcr useful application otthc invention is in conjunction wilh probes Lnovvn 
as molecular beacons described in U.S. Patent Nos. 6.03:'.l3O and 5,1 18,801/ryagu et 
= A. F.R. ( Nature Biotechnology 14: 303-30S, and Fang, ei al. (2000) "Advances 

.n Nucleic Acids ar.d Protein Anaivsis Proceedings of SPIE 3926:2-7 each herein 
incorporated in their entirety by reference. Molecular beacons are tvvo-stat. probes 
;5 containing boLh a tluorochrome and a quenching moiety. When not hybridized to a 

uirgei molecule, molecular beacons fomi a hairpin structure bringing the Ouorochrome 
10 into close proximity to the quencher and thereby quenching naorochrome signal. 
Hybridization to a target molecule causes the h^iirpin structure to open, spatially 
2^ separating the nuorcchrome and quencher and resulting in a hybndization^dependent 

signal. These probes can be attached to the earners by a biotm-avidm linkage or other 
chemical linkage of appropriate length th.al keeps tlie beacon molecule from physically 

] 5 mceracting wth the surface of carrier. 

An example of a panicularly advantageous combination of earner and 
moiecuiar t:eacon leennoiogies reiaies to ciimcai aiagr.osucs ana pnarmacoeenetics. 
Carriers can be prepared where each cla^s of carriers has attached to it multiple types of 
30 molecular beacon probes, where each probe type contains a different fluorochrome 

:o signal. In use, each earner class could, for example, contain the molecuJar beacon 
probes for all the clinically relevant alleles for a particular liver enzyme, v,ith each 
allele probe containing a different fluorochrome. Upon receipt of a patient sample and 
specific instructions, a panel of appropriate tests for the alleles of specific liver 
enzymes can then be qmckJy assembled and performed. The patient's alleles for each 
25 liver enzyme is then determined by analyzing the fluorescence emission wavelengths 
40 associated with each class (code) of carrier. 

The invention further provides compositions where the carrier coding clement is 
a piece of a flat ribbon made of parallel glass fibers, and each fiber has one of at least 
two different colors, refractive indices or other optical properties. The invention further 
provides a methods of fabricating earner codes made from fiber optic components, 
such as faceplates, windows, image conduits are well developed as descnbed in Hecht, 
"Understanding Fiber Optics", 3 edition. 1998, Prentice Hall, herein mcorporated in its 
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enurety by rer'crcnce. Indi vidua, fibers can dc tn iht ran^c troni 3 urn lo lOO^m 
Optical fibers caii be msed together lo form itructures c.Kisistmg of a muJlilude of 
ilbcrs in a vancfy of geometnes. In mir.ufactunng. stanir.g w:Lh pre-fonns fiber 
aisemblici arc dra\TO u.-der heat and pressure such that ihey are paraliel to each other, 
: they retain shape and relative dimensions when dra\vTi to a smaller size. Fibers can be 
made of transparent or colored glas^ or pia.six. This emaodmient o: ih.e encuded 
earners docs not focus on using fibers fur oplicai purpo-.es, which makes their 
manufactunng easier and widens the :no:ce of material:.. !n the present embodiment 
square fibers of transparent or colored glass or plastic arc a^ssembled in a tlat nbbon 
1,; prc-torm. The order of differently colored fibers defines the code. The number of 
fibers depends on the desired number of classes to be encoded and the number of 
20 available colors. For example with just two colors 16 ffoers could encode 64K: classes. 

The assemblv is then drawm to the size of approximaielv lOO^m across the nbbon and 
cut into segments of approximatelv 2G0um to 300^m Cuitiny could be done 
individually bv a laser, or after nbbons of the same class have been assembled m a 

25 

bimch by a saw. 

A pcuu^uimi^ ^.^f^.i^u cuiL^uiHient oi me inveniion proviaes lor encoded 
earners incorporating nanocrystals prepared for use as tluorescent probes. 
30 Semiconductor nanocn'stals. compared with conventional biological nuorophores like 

20 fluorescien and phycobil: proteins, have a narrow, tunable, symmetnc emission 
spectrum, are excitable at any wavelength shorter than the emission peak, and are 
photochemically stable. Fluorescence emission for these nanocr>'stal nuorophores is 
dependent on variations in the maicnal composition and physical si^e as described in 
Bru5, J.Phys.Chem, 98.3575(1994) and Bnjchez et al.. Science. 281:2013-2016 (1998), 
Z> both herein in their entirely by reference. In other words, a series of nanocrystal probes 
40 can be created that cover a wide emission spectrum from 20Onm to 2^im, with narrow 

emission widths around 20iim, that in uim can be mixed or doped into specific 
encoding regions of the described earners. The whole group of different emitting 
ruinocrystaJs located in defined encoded regions are excitable at a single wavelength. 
30 Just as in the case of differential spatial coding by color or other fluorochromes, the 
nanocrystals extend the range of possible detected classes by taking advantage of the 
narrower emission and single excitation criteria. 
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; A preferred cmhKjdirrcnl would mcurporaic the 3am CaSe nanoci^stals 

descnncd Nimui ci ai. Nalurc, 383: H02 ( 1'^%), herein .ncorroraied in !tsentirc:v dv 
rdercncc. m one encoding posinon and 4.3mn InP nanocrv ual ,n annther ptxsiiior. 
Using i; V liuht excitauoti, or dny wavelength below ihc emi^sicn peax of the hi^nes; 

'° ? energy emitung crv'stal in uijc. the Huorescence of the two diffcrca: eUis^es of cr-sul 

can be detected and their spatial or positional encoding recorded hi ar.olher 
manifestation usmg time-gated detection, the fluorescence ifc'a:ne cin be rccnr:ed. 

,^ which mav help with eliminating autotluorescence and oac.^g:o-.uid. 

The invention further provides for encoded canner ' chips" contaimng ar. 
embedded code. The earners can be of the same overall siue and shape, but coding 
provides for practically unlimited number of carrier classes. 

20 Pigure 1 depicts cxemplan' coded chip (101) havmg 16 bits of information 

encoding 65536 claiises. Idemification feature { 102) encodes one bit. [dcntit:cation 
features are different by an optical property , for example, trar^smission or reflection 
'[ he nommal size of each identification feature is between abou: 2 to 4 square ^.t,. 

The manufacture of such microchips, containing optically idenlifiable marks, ;? 
a standard practice in the microelectronic industry. See gcnerady, '"Semiconductor 
Materials and Process Technoiogy Handbook", G.H. McGuire - ed.. Noyes 

30 Publications, Park Ridge. NJ, USA, 1998, herein incorporated in its entirety by 

20 reference 

Figure 2 provides an exemplary method for manufactunng the coded cnips of 
the mstnnt invention where coded chip (201) may be produced, tor e.Kample. b> 
depositing, U.5 ^lm Plasma Enhanced Tetra-Ethyl-Ortho-Sihcat. (PETEOS) (202) on 
sihcon wafer (203) foUov>/cd by the deposition of 2 urn pohsihcon film (204). 
:5 Polysilicon film (204) is patterned by a standard photolithography operation (not 

shown) using a special mask (not shown), which defines identification features t205a). 
In Figure 2b, plasma etching, removes approximately 0.5 fim polysilicon film (204) in 
the areas previously patterned to provide the recess for the next deposition step. In 
Figure 2c, identification feature fihn (205) is deposited onto tne now patterned 
polysilicon film (204) and will provide contrast to polysilicon (204) and, therefore, the 
desired identification marks. Identification film (205) could be silicon nitride cr a 
metal film (aluminum or tungsten) for the inspection in transmitted or reflected Ught, 
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In mc CLisi ol i nictnl f.im, mcni :n :hc r.lm is rcmo'-ed by oheiTiical mechanical 
polishja^ (CMHV IcaMng metal orJv in tnc recessed rcas. sec Figure 2d The ncxi 
phuioiithographv step. Figure 2e and 21. v^ul deiine rnc boujidane:. of coded chip (201 
and poiysiiicon (204) wiil be etched through to PtTtOS {202i Then, wet etching m 
dilute (50:i i Hydrorluonc ( HF i acid wnl release the HLCrochips from the subsiraie, see 
Fig-arcs 2f and g. 

Coded chip .ode delermination is achieNed pattciti niatcliing - a method 
/5 commonly used ,n machine vision, bach code torms 3 partem of dark ar.d light squares 

and could be matched agamsT each carrier, wiiii the closest match givmg ihc carrier 
iO class number. There are commerciatiy available packages that implement this type of 
processing, for example, Matrox Imagmg Library. PaiMax object location software, 
and Vision Blox - machine vision software. .Alternatively, a specific algonthm can be 
developed to directly read the code from the carrier umage. For example, such 
algorithm could comprise the foUovving steps: correcting for background non- 
25 uniformiiv, senmg a threshold at a level that distinguishes coded chips from the 

background noise, adjusting for image gaps, approximaiing rectangles and rejecting 
images if their actual sbuipe deviates from a rectangle iin the event of overlappmg 
carriers), rotating the miagc to normalized orientation, measunng to average image 
value in the middle of subsquares, and deiernaining the code. 

The invention further provides for the use of taggants as coded carriers. In this 
embodiment, the coded earners to which the library compounds are atuched are 
taggani particles, such as disclosed in U.S. Patent Nos. 4.053,431 of which is herem 
incorporated m its entirety by reference. These panicles are typically 1-200 micron 
size range and are formed of a plurality of N layers, each layer having one of M colors, 
allowing M'^ different coded carriers. Aliematively. the taggants may have different 
^0 combinations of isotopes, radioisotopes, nuorescent labels, or compounds reieasablc in 

vapor phase, as described, for example, m U.S. Patent Nos. 5,760.394, 5,409,839, 
5,222,900, 4,652,395, and 4,363,965, each of which is herein incorporated in their 
entirety by reference. Color-coded taggants may be made, in accordance with the 
invention by forming mululaycred sheets, as illustrated below, and processing the 
sheets into a desired shape. 
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iMgurc 3 depicts one preferred emhrdinier.t .::"iiiiny Uivercd la^gojits j:, couriers. 
Sheen 30 1 ) comprising cod;n. layers . 302) eai o. cvhndcr micro-punch ( 303 ] mio 
cvlinder. -04) allowmg these to be imaged ( deconvo'uted) by rlowmy cylinders (304) 
through capdl^ tube (305 ) having an iiiside diameter sli^hilv larger thaii cylinders 
(304) pasi color-sensitive detector (306) having v,cv.ing ^^indo^^ 007, which i. able to 
read tne successive color layers in each earner. In this vsav. the identity of each 
difterent earner can be quickiv established by sc:^n^ the How of evlmders through 
the capillar-- tube. 

U^ u,;e, a composUicn ccntainmy up Nl" different coded carriers, each formed 
Mth a different surface-artached compound, for example, oligonucleotide, oligopeptide, 
or small organic compound, >s reacted with a -arget, for example, receptor molecule, 
under cond:ttons wh.ch lead to bmding of the target to beads carrv .ng com.pounds that 
bmd .pecitkaliy to the target. Preferably the target molecules are labeled, e.g., wath a 
colored or fluorescent reporter, The carriers are then fed into a capillary How rabe, past 
a detector, where ttie earners arc first scanned for the presence of target binding. For 
those can:ers that have bound target, a second scanning device then "decodes'' the 
pallem of colors of the device, to iderUity me compound on the earner according to its 
carrier code, it be appreciated that other types of carHcrs, for example, cylindrical 
or rod-shaped earners, that can be oaenled m a capillary- Oow tube, and which can be 
encoded In a top-to-bottom fashion, e.g.. %vith different layers having individually 
Identifiable indicia, can be employed in the method. Thus, cylmdneal carriers having 
layers of different fluorescent labels can be "decoded" m the same fashion, 
Aliematively, the earners may have a magnetic layer or component that allows for 

magnetic separation of said earners, 

Kigure 4 depicts a method for comparative hybridization analysis. Figure 4a 
depicts different coded carriers (401 ) being combined with different probe DNA (402) 
thus producmg probe carriers (405). Figure 4b depicts probe carriers (403,1 being 
combined with both labeled reference DNA (404) and labeled test DNA (405) m tube 
(406). Figure 4c depicts the hybndimtion of labeled reference DNA (404) and labeled 
test DNA (405) with probe earners |403), Figure 4d depicts post-hvbndization probe 
carriers (403) with bound DNAs (404) and (405) randomly distributed upon slide 
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i surface 140^') Figure 4c dcpicLS the use ot a computer ha.se^ s:.s'.em (408no lUenlit:. 

DN As (404) :iik1 (405) .''jiJ deiermine ihe codes conUiincd vw.hin probe carriers (403). 

Fiaure 5 depicis the detcc:ion 0:" DS A after PCR. Figure 5u depicts serum 
sample (50; ) contamme v,ra! DNA sequences (503) ;uhe (fOZi. Rgure 5d dcpicls 
< the add-limn ofspecine primers (504) a: a concentration less than viral DNA sequences 
(503) concentranon. PCR cycles are tl^.en nin until most pnmers (504) are used. Figure 
5d depict, combinmg both camera .viih specitlc prmer:n504 , attached to coded 
.5 camer^s (505) such Oiat :nd.vidual earners ( 505) contain only one type of specific 

primers (5041 in tube (502) v.i\h a labeled nucleotide cocktail, not shovvn. Viral DNA 
IG sequences (503) are then hybridized 10 thei: related specific pnmers (504) attached to 
coded car-iers (505), A polymerase fiU m reaction or PCR is then performed to extend 
.pecitlc pnmers (504) attached to carriers (505) incorporating the labeled nucleoudes 
not shown. Carr.crs (505) with unrelated pnmers attached do not extend or amplify 
and thus do not incorporate labeled nucleotides mio spec.tic primers (504) attached to 
carriers (505). Figure 5e depicts the end result of specific pnmer (504) exten<Lon 
showTi in Fig'ore 5d. In particular, labcle j carrier (506; comprising coded carrier (505) 
having a related specific pnmer (504) and viral DN.A sequence (503) and newly 
extended and labeled pnmer strand (507). Also showTi are unlabeled earners (508) 
30 bearing unrelated primers (509). Fig^are 5f depicts the random distribution of both 

:o labeled (510) and unlabeled (511) earners on slide (512). Figure 5g depicLs a computer 
used to determme and record active positions and codmg data collected from the 
random array of carriers (505) depicted in Figure 5f. Figure 5h depicts an alternate 
:^eans for analyzing labeled earner by differential sedimentation or buoyar.t density 
gradient separation where labeled (510) and unlabeled (511) carriers are separated into 
25 several classes, (5 1 5) and (516) based on density which encodes the earner, and 
•JO examining which carriers are labeled. 

Figure 6 depicts a method for specifically detecting and identifymg different 
microorganisms (603) suspended in a liquid medium. Figure 6a depicts different 
carriers (601) each coated with differem capturing aniibodies (60ta) specific for one 
30 type of different microorganism (605). Figure 6b depicts the placemem of carriers 

(601) into column (602). Liquid medium source (604) contaimng microorganism (603) 
,s supplied to column (603) and liquid medium (604a) is allowed to flow through 

50 

17 



55 



wo 00/63-1 1'> 



PCT LSOO/IOISI 



30 



column inOZ) and comaot earners • M.crooryani.ms .n()3 i contact and bind tne.r 
respective, specific carrier ,^01 i. Figure 6d depicts the c.ccss addition ofgener: 
reporting molecule (605 i tnat bmds all microorganisms 1 603 i. Carrier 1 601 ) 
m.croorgar.sm (o03) ai.d generic reporter molecule .605) are then randomly placed on 
s-j-tace 1606) for analysis and code determination. 

Figure 7 depicts a method for measuring Ci:.4/CDS T cell ratios m blood. 
Figure 7a demct. tube (TOO , containing whole blood sample (-01 ^ Figure 7b depicts 
whole blood sample (701 ; aUer fractionation mto WBC (702) and RBC (-03) tractions 
Figure 7c depicts contame: ( 704) containing different carrx-rs each displaying cifiereni 
capmnng antibodies such thai amiCD4 earner (705) captures CD4 bcarmg cells, and 
aniiCDS cxTier (706) captures only CDS bearing cells. Figure 7d depicts anliCDS 
carriers (^06) and antiCD4 earners (705) placed mto column (707v Fig-are 7f depict 
bound WBC cells (702a) Dound to their respective antiCD4 carriers (705 ) and ar/uCDS 
earners (706; depending on which antigen is displayed on each NVBC cells (702a., and 
generic detection molecule (708), such as a detectable antiDN.A antibody, attached to 
each W-BC cell (702a). Figure 7g depicts earners (705) and (70f>j randomly di.tr.buted 
onto surface (709) for detection and code determination. 

Figure 8 depicts a method for screening synthetic molecular compound libranes 
for drug discovery. Figure 8a depicts ligands (804). Figure 8b depicts coded earners 
(805). Different coded earners (805) are combined with different ligands 1 804) such 
that each disiinct cla^s of ligands (804) is combined with a distinct class of coded 
earners (805) to form ditTereni earner classes each having one compound as m class 1 
earner (806). class 2 earner (807). and class 3 carrier (808). All earner classes (S05a) 
are combined mto tube (803) as depicted in Figure 8c. Figure 8d depicts the addition of 
detectable uirget receptor (810) to all earner classes (805a) in tube (803) so that target 
receptor (810) onJy combmes with carrier class (8C6) and not earner classes (807) or 
(808). Figure 8e depicts the random placement of all earner classes (805a) for 
detection and code deteimination. The method described in this paragraph may be 
practiced by either coating different classes of carriers wth different ligands for 
screening against one receptor class, or conversely, coating different carrier classes 
with different receptor classes and screening them against one ligand class. 
Figure 9 depicts surface (900) with earners (901 ) dislnbuted thereon. 
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j heurc U) dcpicui several ditt^reni emboanncnN of la-dius ( IO(JO. lOOOx 

lUGOb. mooc. I OOOd)siii[ahle for use ..earner. Ug^aiU ( 1 000) is made bv bundling 
distinctive fibers wilhout cwmiii^, anJ ^hcannwT oil disK:^ by curting the bundle, 
rv::ically after its diameter has been reduced by siretcnuig the bundle longimd.r.ailv 
5 Di. linen ve fibers { lOOU, ( lOO:.. mav be combiaed with center ahgraiient para.n.a.net:c 
core nOU4) ai.d a position marker : 10():> Po.il.on marker (1003) is used :o establish 
:he proper readrng frame of tagganl ( :000;. Tach of the other embodiment. sno^.T. 

,5 tbllows a similar scheme. A. can be seen, tla: shapes provide excellent optical access 

to the cede to tacilitate code delerminatior:. 
,0 Figure 11 depicts a t^ised glass fiber coded earner. fu5cd fiber carrier f 1 100) 

comprises a sandv^ich of fibers, attached to each other The tlbers (II 001). (1002). 
(1003), (1004), ( lOOi), and (1006) may be attached by bonding, fusing, heat fusion, 
aluing, or encasement by a sheath, such that the cress sectional arrangement of the 
fibers :s fixed. 

Fi.^ure 12 depicts a method for analyzing acnve earners and determimne aetiv^ 

1^ 

carrier codes. 

Figure 13 depicts a carrier array fixedly organized m a stnicture. Fixea array 
(1300) contains earners (1 306) fixedly orgamzed by the intcnor geometry of array 
30 organizer(1301)andthegcometryofcamers(l306). Figure 1 3a depicts array 

:o organizer (1301) used to form fixed array (1300). Array organizer (1 301) has an inlet 
(1302) with inlet fr.t (1302a) and outlei(l305) with outlet fnt (1303a). An e.xhaust 
port, not shown, m.ay be included with array organizer (1 301 ) for gas or fluid escape. 
,Vrrav organizer (1301 ) may provide Hat vie^vmg surlace (1301a) or other surface such 
as a cvlmder surface. Figure 13b depicts earners (1306) packed such that once earner 
.5 (1306) IS assembled dunng manufacuirc, carriers (1306) cannot shift m position thus 
40 being fixedly organized, Fnts (1302a and 1303a) prevent earners (1306) from escaping 

from array orgamzer (1301). Figure 13c depicts a cross sectional view of array 
organizer (1301) with an array of carriers (1306) organized therein. Depending on the 
shape of carriers (1306), very htde dead volume exists in organized array (1300). For 
30 example, six sided disks having a top surface, a bottom surface, and six sides forming a 
hexagon, could compact with their top and bottom surfaces contacting array organizer 
(1301 )*s top optical viewing window (1 301a) or bottom optical viewing window 
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, I301bi respecnvelv, aiid v.hcrc carrier M3>;0, siCc^ u^ouM align to romi a 
-honovcomh- .irran^cnicnt, tnus m.ninuz:r.. dead volam. ..h;lc mamtaimr^y mxumum 
carrier ( 1 306 ) tlmdx conia.:. Figur. 1 dep.cl. capiliarv earner arrav ( 1 307) having 
capillarv shaped anay or.anizer (! 309 > vu'h earners ( 1 300) hxcdly urg^u^zed therein 
and maintained by capilkir, pinch points ^ 1 308 ) ( 1 3 1 0) .uch that earners ,1306) 
f.xcd[y rest against one another thus mmirmzing dead volume F.yare 1 3c depicts 
or,^ani/ed arrav (1300) fixedly attacned tu surface , I3i:. haung mcmor^■ device 
(1 3 1 ; ) hir.her attached to surface [[212} 

The invention further provides for methods to measure one or more target- 
compound interactions. This can be done the ..imc image processing methods, 
. g., correctmg the background and calculating the integrated intensity. Reading of 
sp° cimens produced accordmg to the present invention can also be done, for example, 
on a microscope equipped ^v1th appropriate optics, camera ar.d sonw^are. 

Since the invention provides for mar.v different types of earners, different 
methods of carrier code identificat.on are provided depending on the nature of the 
particular earner's encoding properties. If earners are beads of different s:ze, the 
diameter of the beads can be estimated from the image of a field contammg them m 
uansmiued light, Auorescence, phase contrast or other microscope modaUtics. The 
most common way of acqumng a digital image at this time is by means of a CCD 
camera. Once the :mage field is obtamed, it can be corrected for background variation 
and thus a threshold level set. Each connected set of p.xels represents a earner or bead. 
The area of such a set is the number of pixels, and from this area tne diameter can be 
calculated. T^is n the simplest way of estimating the diameter. More accurate 
methods have been developed that give accuracy of a fraction of the pixel size, see 
generalW Verbeek. et aL IEEE Ti^sactions on pattern analysis and machine 
mtclUgence; 16(7,:726-733 (1994), and van VUet, el al., Proc, IEEE Instrumentation a 
and measurement technology conf.. I\rrC94. Hamamatsu, Japan, May lO-U, 1994, 
pages 1357-1360. each of which is herein incorporated in their entirety by reference. 

A high degree of measurement accuracy can be achieved by developing a 
iheoretical model of image intensity distnbution produced by each class of canners and 
fitting It to the actually observed images- 
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image lniens!!\ - ff^.v ^'>- 

uhcrtf: X. y are pixd c^^ordinatcs v±^\^^c lo the center o: the carrier, P is the 
p.ir;mietcr vector, v-htch can cnns.f,:. :or example, ol the s:7e parameter and the 
bru'hiness parameter. 



These functions cm be constructed because '.he earner cias>es, tne microscope 
0F11C5, and the miage acquisition svstem are :<novv^i and can 'De characterized 
-5 analvlicalK . The approximation of the theoretical image inteni^ity to the ohser-'cd 

image mlensiiy can be done by the least squares method, see generally Press, et al., 

10 -Numencal Kecipes m C: The arl of scientific computing", Cambridge IJmv. Press, 
Cambidge (1988). herein incorporated in lis entirety by reference. The result of this 
approximation is a pararr.eter vector, which gives the best fu. The values of parameters 
determine the class to wmch the earner belongs. In th.e example of beads of different 
si/.es the accuracy of measurement and the accuracv of manufacmrng of the beads 

, , determine the possible number of classes that can be allocated to the size feature in a 

If carriers are different by color, a set of images, corresponding to different 
spectral sands, may be acquired. A combination of these images can be used lo 
20 produce and analyze the mask of the beads as descnbed in the previous paragraphs. 

20 For each bead mask relative image values can be determined in all spectral images. 

Each Dead color will generate a characteristic set of these values, which can be used to 
identih' them. 

There arc severa: commercially available image processing packages that could 
be used to pertbrm all required operations for the described method, for e.^ample. 
^5 Imaae Pro Plus bv Media Cybernetics, Aphelion by .^\menncx Applied Imagmg, and 

•iO IPLab by Signal Analyiics Corp. 

The invcmion has many facets, each of which may have many forms that may 
be combined to form numerous permutations of the invention. For example, carrier 
structure may play several different roles, compounds may be attached in differing 
30 ways to carriers, screemng may occur before or after array determination, and anays 
may either be preformed by the manufacturer with determination occumng by the 
facturer or the end user. Accordingly, a detailed exammation of each step is 
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prov:dca '.Mtn ..cniplap.' permutations pr.^cnted vv^.r^ .p.ronrKue 

^ ^ iu.iv-tr iti V ir^it '^''c n^'i 10 he considered 

Hiritins: of the scope ollhe inslAnl invcnv.on 

'the stnicture of. carrier may prov.de several key feature,. For example, '.he 
. ..eonetr. of a carrier rr.ay ser^e a,s cod.na ir.d.ca. Can'.er. would then be 

d.s>m,..shed bv *e,r app.-arance or b, phy.c.^ darerence, caused oy <he,r shape. The 
sha^- of a c.-.rrier ,mv aflec: >.>o earner's hydrod> r.arr.,c cluracer ,n a way iha. 
di.rin,u,shed each speces of earner from one a.omer. Shape n,.,y also play a role ,n 
how a carrier displays iBelf. Cylinders of stacked laminates :nay be ased m 
,., conjoncon w.th a tube reader The cylinders self-onen. a., they enter the tube reader 
thus presenting fheir band pattern as they pass a detector Hemispheres will settle in a 

with meir flat sunace upwards ,f the he.nrisphere is weighted o.t the apex of the 
sphencal side. Disk, are preicrred because *ey onent witn either disk surface lacmg 
upwards T^is is helpSal when encoding comprises cotBhining strands of colored t.oers 
,5 , into a bundle that is later sliced to form disks. 

earner orientation is often important when optical c.>Je determtnations are 
made Coding regions must be exposed in a direction suitable tor intetroganon. .As 
dtscussed above, orientation may be specified by physical proper-.ies of the carrters. 
Orientation may be specified by carrier shape, but it may also be specified by wetght, 
or buovancv. Carriers may tohcr onem themselves by the application of an external 
force aside from gravity. For example, carriers may have a para-magnetic qualtty such 
that when thev are m the presence of a sumciently strong magnetic field, tt,ey w.ll align 
Otemselves .accordingly. Carriers may further demonstrate dielecmc potential such that 
carriers may be daisy chained by the application of a dielectophorctic alterrtatmg 
-^^ current ficld^ 

.0 The invenlton provides for encoded carriers. Coding may be a detertrunablc 

property such as spatially drs.inc. indicia .emF«rally distmct tndicia. at,d ftmc.ionally 
distinct indicia. Spatially distinct indicia include arty material, or combinaUon of 
matenals that can produce a discemablc pattern. For example, a canter may comprtse a 
,„ sandwtch of individually discemable layers. Layers may differ m color, refractive 

mdex refracivitv. shade, or texture. So long as the different materials used for layers 
have disttt^guishing character that ts detecmble, such different materials may be used a. 
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aKlin- i;i.iic:i i\ntenis mav aJso forrncJ in microchips nv phi.iohihoeraDP,'. 
onto nliT.s .Lch a-ith micrufilni tcchnolouv. J-or example, i::apes may oo cocmed 
vvuh colors u> tn^pro^. diversity. Available indicia rrom one ciass mav be combKicJ 
^vnth indicia from other dx'.scs to mnher broaden ihe coclmg vocabulary. Lavcrs may, 
for cx.mipie. be lormed as :->andwichcs, ribbons, iwir.es. ropes, concentric spheres, 
cables, strancs. .-ylmder^, cubes, diSKS. p>Tamids. or combinations oi ihesc 
embodimcn'o. 

incicia mav be lemporally distinct, that is dynamic rather th.in ,^Tatic 
ccscnbed above. Temporal codmg may anse by snort pulse excitation of tluoropnorc.^ 
having dirferent hystere.sis, thai is. individual tiuorophores wiil emit ught back a; 
different times for different durations. .Any oleciromagnetically-induced effect can act 
as coding mdicia if it either responds to a specific impulse, or produces a spcc;nc 
response. 

Indicia may also be ftinctionaJly distinct. As discussed above, carriers may be 
discerned based on their elecLrophorelic properties. Such properties may be dictated by 
either eiectnca! characterisiics. iso^Iectrical chaiactenstics based on pH, and pnvsicaj 
or hvdrntfv 

be used well as sedimentation velocity. Molecular recognition may be used by 
methods such as agglutmation and surface labeling. The latter may fiirther trapan upon 
a carrier some other artnbute such as color or density if. for example, a colloidal gold 
conjugate is used. 

If DVA is used as mdicia, cncodmg can be done by var^ me the number of bases 
between a se: of constant PGR primers. Performing PGR with appropriate pnir.ers 
would then yield DNA of a particular length corresponding- to a particular canier class. 
PAGE, CE. or HPLC could then be used to ascertain earner DNA lengths. By using 
different primer sets on a subset of the carriers, greater diversity could be reali2ed, 
however at the expense of nmning additional PGR reactions. Once the DNA lengths 
are determined, the earner identity, and thus the compound carried on it, can be 
determined. 

Carriers may be manufactured by many different methods. For example, disk 
cam'ers may combine or bundle together several different strand materials. Strands 
may differ by color, response to chemical treatment, refraction, shade, physical 



propcnv inchMMiu majzncti.sm. or by composition. HunJled strands may then be p^ikd 
^id sL^-tched :o reduce the ,iiame:cr or' the bur.dle Heat may he applied to facilitate 

proeess Onec a desired diameter is atuiined. ih.e nundics may then be sliced, 
sheared, or aoraded to produce microscopic disks or cylinders. Longer segments may 
^ be cut to prod'jce rods that mav be read by roraimg the rod while observing the 

circumference ofthe rod-c>l:nde: Particularly preferred met:iod.s arc descnbcd m U.S 
Patent Nus. -^,3^0.45:: 4.3:9,3<?x 4.053,43V 3.^0-.:S4; and 4,o40.035, ali of 'Ahich 
'5 are entirciv mcorr^orated herein by reference. 

Color-coded las^ginis can ai.so be manufactured according to the method.S 
: } described in L'S Patent 4.640,03 5 These earners are manaiaclured as ihin transverse 
sections of an assembly of elongated elements (e.g fibers i of different colors fonnmg a 
rransversal united stmcture After sectioning such sLa:cture the resulting piurahty of 
distmgu.shable areas in each earner land their relative location) provide a coding 
element. Furthermore the assembly can be produced by comb-ming pre-existing 
25 , . tllaments or by extrjsion through a uie and drauTt dov^Ti to a desired size before 

sectionjny 

HI u.e. a composiuon containmg up to dUterent coded earners, each formed 
with a different surface-attached compound, e.g., oligonucleotide, oligopeptide, or 
small organic compound, is reacted v-ith a target, e.g , receptor molecule, under 
:c conditions which lead to specific bindmg of the target to carriers canying the 

appropnaie compoun.d(s). Preferably the target molecules are labeled, e.g., with a 
colored or fluorescent reporter. Tre earners are then fed into a capillary How tube, past 
a detector, where the earners ire scanned for the presence and amount of target 
binding, and the color pattern is decoded and the compound on the carrier identified 
:5 according lo its code. It will be appreciated than other types of carriers, e.g., cylindncal 
-fO or rod-shaped earners, that can be onenled m a capillary flow tube, and which can be 

encoded in a lop-to-bonom fashion, or in spiral fashion, e.g.. with different layers 
having individually identitiable indicia, can be employed in the method. Thus, 
cylindrical, or elongated carriers havmg layers of differcm tluorescent labels can be 
5C "decoded" m the same fashion. Allematively. the earners may have a magnetic layer or 
component that allows for the magnetic separation or onentation of said carriers. 
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More gonemlh, ;n use. the rr.ethod ol ihc invention is dc:,i^ned for dctcctinii 
one or more taryei molecules oapab:e or Dmcing ^ccL-incallv to one or more dilTerent. 
kno\v:i iibroTv compounds, in practicing the detection method, the target is contacted 
with the Iiorarv- comptxsition of the invention, thai is a chemical-library composition 
composed of (I) a plurality of coded camera, each having N>1 specified code positions 
and one of M--I detectab;e indicia a: eaeh code position, such tnat each carrier can be 
identiiiea by one of up to different code combinations, and Hii a different kno'Ar. 
hbrarv compound earned on each difierent-combination c.imer The coniactme is 
carried out under conditions in which the target moiecules can Dmd specil'ically to 
J ki\o\m hbrarv compounds. For exair.ple. in the case of polynucleotide target bir.dim: or 
oligonucleotide-coated earners, the contacting is carried out under conditions in which 
the target can bind by hybridization to complemcntar^r'-strond oligonucleotides on the 
carriers. 

The earners, some of which have bound target, are then distnbuted for carrier 
: decoding. In the example described above, cylindricai. or elongated earners are 

distributed for earner tlow through a capillary How path. Alternatively, the earners can 



raster scanning, according to methods employed for DN.A-chip scanning. 

The scanning serv'es the dual purpose of decoding the carriers, and thus 
:o identifying the specific compound earned on the carrier, and to assess the amount of 
bound target on the carriers. The target may be detectable in native form, or may be 
35 labeled, e.g.. by fluorescent label, for detection. 

it will be appreciated that this method can be used m any application currently 
employing position-addressable microarrays of compounds, e.g.. oligonucleotides, but 
:5 in a much simpler, more fle.xible, less expensive fonnat. 

Finally, considering the construction or preparation of the composition of the 
invention, this is done, in the most general case placing mto each of a plurality of a 
separate reaction vessels, earners havmg a selected one of a plurality of delectable code 
^5 combinations, each defmed by one of N>I specified code positions and one of M>l 

}0 detectable indicia at each code position, such that the carriers in any vessel all have one 
of up to difTerent code combinations. Thus, for example, in forming an size 
oligonucleotide library, earners contaimng one of the M^' codes are placed into each of 
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one of M^- separate reaetirr v.s^eiv I no ciimers a:e rrepareJ .ecor.!.:i- 'o known 
metnod. d ael as the suppor .urlace !or s:epw;.e -..J-phase .vn^hcsis Thus, tor 
exa:iipie. :he cnrricrs rT:.iv :neluae i luixer and >uit inie :em;;nai chcnueai group hn 
attachmer^l ot an inaial protected nucleuiide Kunhe-iore, a pluralU; of difterent 
linkers ir^a;, be situated on a came: e:tncr as a whole, ur in ^pcc^tlc xcations where 
each loca:ion aas a diftercnt hn^^er on it. [^itlereni h:U;ers may differ in lunctionaluy .f 
rc.cnon> :ond.uons A combinaCo,. o: suen imker. eiuhie onno.ot:.i couphny of 
eomcounds to a earner. Moreover, a earner ma> be eoinhmeJ uh a plurality of 
compounds to create a multicompound earner. .A preferred ex^imple is combining 
fiaorophores with eleavabie quenchers, where ciea^acc occurs as a result of a target 
event. Quencher release then permits the tluorophore to detcctahly riuoresce. Such 
compounds, molecules and chemisLnes are known by thus skdled in the an. Therefore, 
each reaction vessel is subjected to steps for forming a selected oligomer sequence 
associated wuh the knowT. carrier c^de m each vessel. This process is repeated until 
ihe compound associated with each carrier hxs been forn;ed on the carrier. 
Altemaiively. the compounds to be anached to each earner can oe prepared 
independent of the cam.r .nH .^..^^^ .... -..1 .ompounu 

synthesis. 

Once the different earners are formed in this manner, the carriers may be 
mixed in a desired fashion, e.g., equal numters or weights of earners from each vessel 
to form a library composition containing all or a selected subset of the N!^' different 
earners, each carrying a different known compound 

In one additional a^id attractive embodiment of the mvent^on, Lne carriers in the 
chemical library are prepared by auaching to them DN.A probes conammg their owii 
signaling mechanism (e.g.- -molccuiar beacons') such that only ;n tnc presence of the 
specific target molecule a fluorescent signal is emitted. This allows sensitive and 
specific reading of the signal and an excellent signal-to-noise ratio. This is particularly 
useful in applications associated with single nucleotide polymorphisms were the 
differences bcr^ccn genes are small. 

Spheres or beads may ser^e as earners. Beads may be discemable by size, 
density, granulaniy. refractive index, color, fluorescence, or may contain yel ar.other 
earner or earners that are f\:rther discemable. Beads may contain sub-populalioas of 
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other, smaller bcMJ". dl^tl^.^ul^h.!':^K' ny color or o'Jilt iiptical pli\s;c::il Icatures 
iV^uls nvn be produced n^ a v.u-:etv ^M'mcthodb' uK .^dinL: uiLrasoniL tluidic drop 
KfriTU-iun. ^-i^ch TieLhud:^ produce cxce^rdingly ufufbr:n bead ^iiarnoicrs and spherical 
shape. Dri)p si7e :s hiLihly controllable so that pr;-Ta:ai!on ot\a iibrary of different sized 
carriers is possible Reads can also be formed in a non-uniform manner, and then later 
sized n\ nasNini: tbjoutih a dc;;ccndinLi scries of me^h screens. Polynier solution;; used 
to f^irm head ; may thcT.sei^e:; coniam beads or panicles, or combinations ofeacn, 
smader lf:a:i die to-be^rorrned bead diarneler. Exai^ip^c^ of beads and panicles can be 
foLind m Bar.g^s head catalog, blow Cv;ometr\' Sl^ndards catakit;. and Molecular 
Probes ca:alog. each of which is herein incorporated by reference. 

A particularlv preferred carrier is formed from a layered :^a^dwlch code. Such 
hivercd san^awiehes may be tbrmed by bonding film layers together to form a pattern m 
cross section hike strands film layers may differ from one anodier by chemical, 
optical, or electrical propericn Chemical differences may mclude differenlia! 
reaciivir/, isotopic. see fcre.xampie l'.S. Patent 5,760.394, herein incorporated in its 
enureiy h\ rei'erence. Indicia may aiso include radioisotopic differences and resistance 
to cncmicai attack. Optical differences may include coionmetnc, rerlecnve, 
granulaniy, polanzation, and optical index- EleciricaJ differences may include 
dielectric properties, where the sandwich yields a particular capacitance as a result of 
ZG seriallv formmu a capacitor sandwich, or the difference may be in resistance where 

each layer has a unique resisuve value that can be combmed to form a total and distinct 
35 resistance. 

Films may be used for carriers. In particular. l.S. Patent 4J9(J,452 describes 
the use of microtllm or m.icrofiche disks or fragments, photographically imprinted with 
1: a code to create tagganis and is herein incorporated in its entiret}' by reference. Films 
mav further be layered upon an orienting layer to aid m orienting the image for 
visualization. Films may also be imprinted by inkjet, photolithographic, electrostatic, 
or xerographic methods. 

Structures may also be used as carriers. A given structure may serve as a 
30 support for a coding scheme a 5 in the case of films. A structure may also ser\''e as the 
coding source or indicia by etching with photolithographic methods to create an optical 
pattern. Combination approaches may include a layer sandwich punched out mto 
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nioMin-. ^Df.iv tnrniation. d^r^uosprav jcro uiion. v.Lpnr Jcpo^.tion. machinmii, 
punaiiny, or -nav be nauirniiv ducr^d. K^r example, ramca;ar specie, of diatons. 
Siruciurc diMerenee. may aUo eeeu: a. ihe aron:.c or noivirer;e level, lor exajnnie. a. 
itl. "hucky balls ^ 

Carrier, niav ne supplied en J user. ;n a var,e:v o: v. a;, . l-or e.ampie. arra> ^ 
lihrane. -A con^^^^^nl. eoupleJ ;o ore.de:i earr:e:. nM> be MippWed eiiher 
:inh. ended or pre-blended Moreover, hiended arra:,s auy further ne ailoealed cr 
,ria,viduaU> formed as sir.gie or non or mint iially redundant arrays Naked or 
.ornpoundies. eoded earners may also De supplied ;o ihai :he end user may couple .heir 
eonipour.ds lo carrier pop'alanons ^v:^h a particular code, auc combine ditTcrcm 
cPn,pour:d earners lo torn a custom l.brarv cr arra;. Anv torrnat described here may 
he ; old bv a manufacturer as a kit including reagents aiid -nstractinns for making an 
array 

Compounds may he anached to e^imors m a variety of wavs Compounds may 
re ;ynthe.ized in place, typicalK on some linker Parallel nthesus may speed up the 
process. Many commercially available svnlhesizers may be used :o synthesize 
compounds onto earners. Compour-ds may also be attached :o reactive linkers, or by 
adsorption. This permits both natural product and synthetic compounds to be linked to 
carriers. Large molecular structures such a receptors and enzymes may also be attached 
cuner by covalent. adsorpuve. or bmdmg reactions, Binding reactions may include, for 
example, biotm-strcptavidm. or bioiimBir.A interactions. Receptors bound lo earners 
are well suited for i;olub!e iigand binding studies. In pamcular. if a :hemicai or photo- 
cleavable Imker is used to attach a compound to a carrier, and such a compound carrier 
is tiirthcr combined with other earners displaymg receptors for which they too encode, 
a Gual matrix of compounds and receptors or target., may be combined and anaiyr.ed. 
.\nalysi5 may be performed by lookmg for displacement of an already bound, 
fluorescent Iigand from each receptor. If a nearby compound earner so happens to be 
near a corresponding target receptor earner, fluorescence will be lost on that receptor 
earner. Placing a single compound earner mto an individual well contaimng a plurality 
of different receptor carriers may t\irther enhance this a.say format. Welless formats 
may use anti-convectancts such ai agar or algmaic to help limit diffusion, 
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Arravs may be phv^icaliy retained lo gcograpnicatly ti\ mo position ofcoJed 
earners This is usctul if the aira;- is Jeicrniincd before contaeuniz u vviil; a target or 
anaKte A manutaelurer may oreanize an array, determine what compound is at each 
position, and then embed lhat inrbnnaiioii into the array, or closely associate or af^ch 
±c mrormation to the orrav . A prograrrjnable read only nicmor/ senr^jconduetcr rr.ay 
be "humed m" with the com.pound coordinates tor later look-up by an end user array 
scanning device. The end user v,ould men add anaiyte, react and scm the array :br 
active re^^ions, where then a computer could correlate the scan data to the supplica 
ROM coordinate data to recreate an array Organi-ied arrays may also be identif:ed by 
a serial number, perhaps in bar code tcrmat, that links the organized array lo a data set 
held remoteiy to the organized array, for example, on a CD ROM This would enable a 
20 manufactLirer to sell ;ols of predetermined oreanized arrays l;n:<ed to custom CD 

ROMS bv bar codes, wncre the end user's scanning device would utilize coorcmatc 
mformation for each organized array stored on the CD ROM for correlating active 
2^ , ret?ions within organized arrays to particular compounds. 

Gamer shape may influence how an array is formed. For example, spheres 
..a.u.a::> Tw^.i. c .un.H'^-t l o-uuuei iMoiiui dTTdy 11 incv navc a Jiriereni buoyar.t 
density then the medium, which they arc suspended m. If the spheres are denser than 
30 the medium, the spheres will senle on the bottom of the medium, and if the medium is 

20 denser, the spheres will float. Either way. the spheres will settle, up or down, ard form 
an array. Assuming that there are just enough spheres to create a monolayer of spheres 
tightly packed together, each sphere in the array will become relatively fixed in its 
position. Spheres allow for relatively simple array formation at high density. Other 
shapes may be used. For example, rectangular blocks may be used easily if the settle, 
25 on average, with enough space between so as to avoid stacking. Those carriers thai do 
40 stack may be dislodged by mechanical agitation. By adding mechanical energy to the 

system, a higher degree of organization may be achieved. For example, the rectangular 
earner described above may ftirthcr be organized by tilung the settling plane to cause 
the carriers lo slide up against one another. Further order may be realized by vibrating 
30 the plane to cause the earners to further fit together. One skilled in the art would 
appreciate that many other shapes would create well-organized, compact arrays. In 
particular, hexagonal "disks" would compact mcely in to a honeycomb like matrix, well 
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su::cJ {•orl.itcroptioaKuUiv.r.. This approach iTia> .i.eJ Nv:tn ^is:.., >.iycon ■ 
cLbfS. inan^^^s, ocUi-o^^. n d the hkc Part.cuiarU l:..:.; is a snac. v.:::: ^ :U: 
■■,,cw:n^ .urracc ' that "would .clt-orcnl ^ach tha: all .:arn.rs m a;^ arra;' aolIj s.t:!. 
auh thc\:ew,n. surta..s lac::i^ :n on. d>rc.tion. A.::n, a..k:, vs.ih on. or m.re .id.. 
:md at l.a.: one tla: suriac. arc ideal. As discussed arove. weight d.;:r:buuon w-un 
the carru" may also faeLitate orientation. 

.■\:Tays may be packaged ;n ohamhcrs tnal cot o:i!> oriont the car-ers. hm: a:^o 
make the .arrier; eonvonientlv accessible to solvents .ud opnca! mterro^ation. Kor 
exantnle. a phmar dianiond .haped container may be :.ealcd or D<nh 'aces ^v^th rluid 
uipKt and output ports located distal trom one another S.cn a ehantter wou^d reauu;. 
c.^po.e all earners to .olven'S, in particular analytc scivents. bv pumptn. m such 
solver^t. vvrh the output seizing a. a purge port. Washing is done by turiner tlo^...g 
solvents across the chamber, th.us contactmg and wasr..ng eacn carrier This 
arrangement is paniculariy suitable to automation. 

TuDes. such as capiUar>- tubes, may also be u:;ed to organize earners. Tubes 
may be used to po.itionally tlx earners or to transiently align carrier, tor interrogation 
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tlxed into position by slightly pmch:ng the capillary at each end. Fluias could then be 
perfused th.'ough the capillary to expose the carriers To analyte contammg soKems 
The capillary coni^ning fixed carriers could then be interrogated by posing the 
capillary across a scanner. Alternatively, the cylinder carriers could be pumped 
through the capillary to orient and align the earner v.t± an interrogatmg wmdow 
situated along the capillar:- path. In either case, cylinders can be mtroauced into tne 
capillary by many methods, for example, by funneling :he cylinders while they are 
suspended in a fluid matrix. Electncally polarized carriers could be s'ospended m ar. 
electrolyte fluid ar.d electrophoretically induced to enter the capillary t^om the 
suspension solvent. Dielectrophoresis may also be used to ^'daisy chain " the earners in 
a paricular orientation. Combmtng paramagnetic material vMth a earner would allow 
external magnetic tlclds to induce order amongst the earners. 

Arrays may be orcaruzed in ditTerent ways dunng their use depending on Lne 
stage of t:ne array analysts. As described above, anays may be orga^nizcd before, dunng 
or after they are exposed to an analyte. Carriers wiirun an array may be subdivided 
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nascd on cacii carru-r s response to dnai>:. rh.>. .UMiyto rcaaiw c:irncrs i.uiy nc 
,onccnira:cd .uch LUt al; i^o.ated earners -.uihin mai dass .vnion , p^siuvc response 
This reparation sor^os n:imrTii/c u^c anioiirU oUoJe :ntcrro-itiun :nat must 
pcrtormed. Response ni-seJ reparation iJeil :or coding sciieine^ >>r large arrays thiai 
may require an mterrogation time duration not suitable !br inxrrov:3tHK an enure array 
Arravs may be contacted with aiia::.Tes and nther solvents 00:0 re, during cr alter 
organisation. A s:mple method pr^vMe^ .ontactmg tne a^ay v.i;n ar: analytc m a 
standard reaction tuDe. peronnmg all necessary step > sueh a . wasn:ng :n that tube, and 
d.en dumping the array onio a petri disn or slide surMee tor niierose.pic or other 
optical interrogation Manv organized arrav lom^ats sucn a:, capillaries and other 
chambers that provide tlu.d inlet and outlet ports., ire ideal tor cxnosmg and washing 
.irravs by robotic or oilier automated mear.^ In essence, ihe^e chambers function like a 
chromatography column. Accordingly, tub^ diameters greater than, two limes the 
minimum diameter of a carrier may function well tor contacting carriers wuh vanous 
solutions including analyses solutions. If the tubes are oacked looseiy . thev may be 
vortexed to Rirlher contact the carriers '-vnn solution.,. Column anavs are ideal for 
nns.ino vnlnmmnn. .n.i;^-^- ^^--^ - ^-"l:tn, v-t:: .0. lue cdiuers 
may then be analyzed by disbursing them onto a dish or slide surface, or by other 

means such as tlow cyiomeiry. 

.Arrays may be screened or analyzed before, dunng. or after the earner identities 
are determined Methods for screening generally involve providing a library of 
compounds on discretely coded carriers, contacting the carriers with an analyte 
potennally coniaming a uirget analytc correspcndmg to a earner bound compound, 
allov^ing any target molecules to bind their respective compound., detecting target 
molecules that may have mteracted wiih iheir corresponding compounds, and 
detcrminmg carrier codes for at least the carriers with targets bour.d. The last two steps 
are inlerchangcablc if all of the carrier identities arc determined pnor to detecting 
target-compound interactions. 

A particularly useful method for using coded earners employs flow cytometry 
analysis. Here, the user may contact an analyte with an array in a standard reaction 
vessel such as a test tube. After completing steps necessary to realize an optically 
disccmable result on a earner surface, the earners may then be fed into a flow 
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) cytomctcr lor aiv.lysii ajid separatum. An.i.vuci; method, th^t iikiv be adapted uic 

with codcii earners irc Jes^inheJ in Jetail ir uic Becton Dickenson FACStar Plus 
User'i manual, herein ineorporated in its cnarc:> by rcterence, Anatysi.; tor ur^et- 
eompound intcracuoa may result m soninL of -positives" from 'negatives" where then 
: c:iiT:er eodes are later determined by additional fiow cytonnelry. described below, or by 
pLicin^; [he positives in a separate chamber or cn a separate surface for optical analysis. 
A cell sorter ib ideal for arranging carriers onto a -^nd for ot]:er analysis 
'5 A Darticuiarly pretcTied mediod of usir.t: flow cytomctr>' is to simultaneously, or 

near-simukaneously imerroga'.e carriers for both tivget-compound iraeract:ons aj:d 
carrier code identity This may be done, for example, by usinii the optics of a fiow 
Otonieter to distinguish bcnveen different optical charactenstics emanating from each 
component such as target-corr.pound and earner code optical character: uics. For 
example. Target-compound mteractions may result in the binding of a r ITC conjugate 
to the carrier. Using the blue output of the li^ht source, typically a blue Ime of a laser. 
_ : . FITC IS excaed resulting in a green light emission. Thus, positive t:u-get-compoiind 

interactions tluoresce as green light. Tiie green light is then detected by an opucal 

r::pc-d :^ ^.^-.^ l^e^^ Come, ^uucb, on tne otner hand, may 
have several different color emissions as indicia. Such output may be analyzed as a 
-0 composite, which is then used to reconstruct the earner code by comparison of the 

:o composite spectra vvith a set of predetennmcd spectra. Problems may arise in that 
spectral analysis of the entire carrier may be conflised by light coupling 'txtween 
different fluorescing components of the earner code. To avoid this problem, the 
invention further provides for separating eacn tluorescing layer of the layered carriers 
with an opaque layer to prevent optical coupling. The result is that optical coupling is 
25 minimized and more predictable and optically disccmable lluorescent outputs arc 
40 realized. Using more than one laser to interrogate a carrier may further enhance this 

method. Many now cytometers penmit the use of multiple lasers to interrogate earners 
suspended in the cyiomeier's fluid stream. The use of additional lasers set for different 
color outputs enhances signal separation when earners are coded such that each 
50 fluorescent code layer is separated by an opaque layer, Since tluorophores that excite 
at shorter wavelengths are not optically coupled to fluorophores that excite at longer 
wavelengths, light emission of the longer wavelength fluorophore is minimLzed when 
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^ shortL^r vvLivciongth Iient is li.cJ :o cxcKt- ir.i ^non^r A.L.cic-:v-n HLorophrrc because 

wavelcniilh shifted liehl from :hc shrricr ■Aavcieng-p, riaompr-.oro docs not -spili uver ' 
to the longer wavelength Huurophore thus causm^^ it "o excite v^cl: V^ithout optical 
separation betvveen tluoropnore code components, o.itation of a ni^r.c: ^^avelength 

t Q 

: nuorophore causes that tluoruphore to cmi: lower wLuclcngth light that then 

inadvertently excites another vet lower wavelength tl.oropnore to excite thus causing 
that lower wavcleniilh lluoropiiore to emit .1 itiil vet owcr wavelen-di of hght. This 
15 ^really limits tne niimbe: of discemable code:, that a ^j: of rh.iorophorc indicia may 

provide Optical partitioning, as aescribeJ ab.^ve, g-' itlv recoces this - cruss-talk" 
iij effect. 

Carrier or.eniation durine flow cyton;etr% interroiiatton may be achieved by 
sevc-rai methods Shape, such as :i cvUndncal shape, -nay be u:,ed to oncnt a earner m a 
fluid stream. Flovv cytometry otten uses two rluid sv^ems to create a fiuid stream ror 
micrrogaticn. A smaller diameter carrier-con'^ininL: i L-eam may be coaxially 
.5 , . positioned wiLhm a larger diameter -'sheaih" stream. The i:ow -ate of each stream may 

be differentiated to create eddy cunent^ at ±c mterf;^.e between the two sheaths. 
Tu... .u.;. ^oii piuuu.e a iuVua^- eficci niain.ain cyunoer onentation 

after ejection from a noz7de orifice. In another embcdiment, param.agnctic material 
^0 placed at one end of the carrier cylinder may be ma&netically induced to orient the 

20 earner in one direction as it traverses the cvlometer's interrogation v-mdow. Each of 
these methods may be used to best onent a layered earner, especially optically 
partilioned carriers. Translucent layenng may also ho used, especially for fluorophore 
film layers, to permit light entrv' and emission from .everal sides of a earner. 
Interrogation may also be realized by illuminating and observing the same side of a 
:5 earner. iUuminaung from one side and observing from the opposite side of the earner, 
-iO or illuminating one side of a carrier and obsen-ing an adjacent side of the carrier. 

Flow cytometry can measure several different aspects of a earner 
simultaneously or near-simulianeously. For example, forward scattered light, FSC, 
indicates generally earner size. Side scattered light SSC, can indicate degree of 
granularity. Light scatter is light that is not -ballistic" with respect to the source, 
typically light not withm the nonnal. undismrbed pam of the collimaied hght source 
such as a laser. Both FSC and SSC light are measured at the same wavelength as the 
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Ught rource so as lo .listinyuisn ^uch sources tron :^.or..ccn; luh: crnissioru,. 
Fluor-'scen: emissions arc usually distmgu.sheJ b. >:DUcali> riUcn:-.^ wiih banJ pass, or 
combination oflonL: ar.d short pxss. filters. Ejch rV. orescent pand detected is given a 
sequential identitler such a. FL 1 and TL:. Given :ne w,dc v^ietv ot uiionnat.on tha: a 
, ,,,ometer can gather tVom mterro^ating a carr;=:. such variety may deliberately be 

used IS Cv^ding ladicLa 

As discussed abo'.e, carrier, may be eas,!;. :.:med or ^c^regaieJ after lomiation 
;5 10 reiatneiy narrow size tolerances. Size can De :n..:sared by rSC, thu. size may serve 

as a .ode. Grajiularity may also nc introduced in:c .amcrs. \or example, bv varying the 
l„ amount of a rellectivc panicles suspended within tnc came:, or b> degree ot cross 

linking used to m:^c the earner. Fluorescence ma> r-e impaned by adding a blend of 
tluorophores. or by adding discretely nuorcsceni particles Such panicles may also 
contnbute to the granulanty of the earner for SSC inierrogation 

Two-dimensional arrays, such as when c:L'riers are disp<^rsed on a surface of a 
. , be mterrogated by a w.ce variety of r.;e-ods. Ino.vidua: earners may be 

interrogated by using a microscopy objective to v.e.v .ach D^irticular earner, observing 
±e code. t:^get-compound mleraction, or both. Alternatively, a CCD camera may 
observe the entire array simultaneously using pixels to dcimeate each earner. Once 
30 ;,ctive carriers are identified, the CCD camera may then focus in with another 

:o microscopy objective lens, to ''see" the code on a particular carrier. If the array has 
been pre-determined, perhaps by the manufacturer 2S discussed above, then the CCD 
need onlv identify active earners and the carrier identuy revealed later by correlation of 
the CCD pixel coordinate with the earner code of corresponding to that pixel 
coordinate. This assumes that an alignment mear.5 exists between the predetermined 
25 array and the CCD pixel array. Two diir.ensionai array illumination may be either epv 
40 iUummaiion or trans-illumination. Autofluorcscence may also be used as well as 

autoiUumination such as with bioluminescent systems well known in the an. 

Other physical means may be used to inten-ogatc carriers either for target- 
compound interactions or carrier codes. For exa^mple, molecuJar recogmt.on may be 
30 exploited not only to impan an optical character :o a carrier, but also physical character 
as well. Agglutination may be used to separate earners by introducing other particles 
or molecular stnictures that will cause like carriers to combine such that they may be 
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separated trom uncomhmeJ earners. Carriers nav be selecuvciy absorbed onto 
surfaces by atuchmg molecular recognition elements :o a surface, and exposing earners 
to such surface, thereby causing such carriers to absorb to the surface. 
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Examples 

Rxarnpie 1 

Tagaants as carriers 

[ uo complementary 50-mer oligonucleotides. IS (sense) and 1 A I anti-sense 
were covalently attached to P-vo different classes of taggant. taegar.ts S and taugants A 
respectively A CY5 lab^^lcd. single-strand DNA. p53s (sense strand) approximately 
300 nucleotides m length and produced m a PCR reaction and used a^ the test DNA. 
Uus :cst DNA is complememary to oligonucleotide 15 and therefore expected to 
hybridize to it to a much greater extent than to strand 1 A. 

Follou.ng the hvbridi7Jtion reaction, a high amount of fiuorcscencc was present 
on taggants S (contamme the IS, sense suand) and a neghgtbie amount of tluorescencc 
was obs.r^ec on taggants A (contaming the strand lA, anti-sense strand). The 
d.Iterence in s.gnal Dct^vcen taggants ana a represenis spcciuc ay unuizauoi;. 

The expcnments prove the following: 

• DNA car be linked to ^aggant carriers. 

• DNA can react as predicted when linked to taggant carriers. The 
hybridization reaction is specific and it can be quantified. 

. The earner class to which the compound is anachcd can identify the 
reaction product. 

Example 2 



Molecular Beacons 

Molecular beacons can be immobilized on the encoded carriers by following the 
method described by Fang. To accompHsh ihis the earners can be treated with avidine 
(0.1% solution in PBS) followed by a cross-linking treatment with a 1% glutaraJdehyde 
30 solution for one hour. After washing w.lh a IM Tris/KCl buffer the coated earners are 
mixed w.ih the biotinylated beacons (at a concentration of 1 x 10-M)for 10 minutes, 
Lastly the beacons are washed with PBS and arc used in the hybridization reaction. 
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Claims 



Wc Cia:m; 

: A chernicai-libran- composition cornpnsin^ 

(a) i plurality of coded carriers, each havmi: N>1 spccitlcd code pcsitions and 
one of M>! detectable indicia at each code position, such that each earner 
can be identified by one of up to different cude combinations, and 

(b) a different k.nov,-n chemical compound carried on each diftcrenl- 
combination earner 

2. Tht; composition of claim 1 , wherein each of sajd carriers is formed of N separate 
lavers, each layer having one of M ditTerent color indicia. 

3, llic composition of claim 2, wherein each carr.er is a cylinder of stacked layers, 
where the cvlinder diameters are in the 1 to 200 micron range. 



4. The composition of claim 1 , wherein each of said earners has a surface mat is 
partitioned into N surface regions, and each region contains one of at least two 

20 different surface indicia. 

5. The composition of claim 1, wherein each of sajd earners has a magnetic layer or 
component that allows for magnetic separation and orientation of said carriers. 

35 

25 6. The compositioa of claim I , wherein the different compounds in the composition 
are oligonucleotides or peptide nucleic acids having a known identifiable 
•^0 characteristic, usually the nucleotide sequence. 

7, The composition of claim 1, wherein the different compounds in the composition 
30 are oligopeptides having a known identifiable characteristic, usually the amino acid 

45 

sequence. 
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S The co-npusition nfclairr. 1. vvnorein Jitrcr^tU cu:,ipoLL-,^. .n composinon 
are sm^iJl chemical compounds havin- '^Lnown idcntifianle .-h^iractcristic^, usually 
the ^irLicmrai tbnnulae. 

9. A method of forming a librar. of determinable ehemxal compound., comnrismg 
:hc steps of 

lai placing mto each of a D:L:raliiy of a sep^uaie reaction vessels, carriers 
havme a selected one of a plaralin' of d.-tectabie code combination, 
each defLned by one of N>1 specified code positions and one of \I>1 
detectable indicia at each code position, suca that the earners in any 
vessel alt have one of up to M*" different code combinations, 
(bi reacting the c.irriers in each vessel with reagents effective to form on 
the earners, as solid-suppons. a selected one of up to \r different 
known librar^y compounds, and 
lc ) tbmiing a mixture of carriers from different reaction vessels. 

,u. I ne meuioo oi e.aim wnerem sam rcacung mciuces me .leps m a stepwise 
oligomer synthesis reaction effective to form oligomers with knovvT or random 
30 sequences on the solid-support carriers. 

:o 

1 1 . A method of detecting one or more target molecules capable of binding specifically 
to one or more different, known librar:-' compounds, compnsmg 

(a) contacting the target molecule(s,i with a chemicaMibrary composition 
composed oi 

a plurality of coded carriers, each havmg N>1 specitled code positions 
40 and one of M> 1 detectable indicia at each code position, such that each 

carrier can be identified by one of up to different code combinations, 
and 

fii) a different known library compound carried on each different- 
combination earner, under conditions m which the target molecules can 
bind specifically to known library- compounds. 

(b) distributing the earners for mdividual-canier decoding, and 
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(c) Jetccting carriers having bound urgct mi>lcccki s) a:id 
M) decoding the earners having bound target molecules, to identity inc library 
compoundls) to which the target moieculei>i are bounJ. 

12. The rr.ethod of claim 1 1 , wher.in said distnbuur.^ includes placing ti^.e carriers at 
discrete locations on a substrate surface, and saia electing and decoding is carr.eJ 
out bv a dt:lector operable to scan ihc substrate iurface. 

13 The method of claim 11. wherein each carrier is a cyhnder formed of N separate 
layers, each iaver havmg one of M differem color indicia, ar.d said dislnbutmg 
includes nowing said cylinders through a capillary tube, past a detector. 

14 The method of claim 1 1. wherein each carrier :s a cylinder lormed of N separate 
layers, each layer having one of .M different color indicia, and said aistnbutmg 
includes aligning said earners m a capillary- tube, and moving said tube relative to a 
deiecto:. 



15. A meLhod of mulupkxmg the detection and qua^.tification of analytes comprising 

30 the steps of: 

20 (a) dismbuting on a surface a plurality of coded earners having ditTerem 

com.pounds attached to different carriers, 
(b) scanaing the surface for earners having a detectable reponer. 
^5 f , ) recording the positions of the carriers havmg a detectable reporter, 

(d) deierminmg the code for each carrier ai each recorded position, 



16. An array device comprising, 

(a) a surface, and 

(b) a plurality of coded carriers havmg different compcimds attached to 
different carriers, wherein the ca^^ers are randomly distributed upon 



3^5 the surface 



17, The array device of claim 16 where ihc surface is a glass slide 
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18. A kit coniprisifiL! 

a pluranrv- of separated classes of compounidlcss coded carriers, 

vs'hertiin each class conuins a plurality of compoundless coded 
^ earners, 

(ai each earner withjn that class having the sanie code, and each 
differen: ciass having compoundles'; coded earners having a 
>5 different code, and 

(b i tfaeh eompoundicys coded earner is capable of having a 
:0 compound attached [hereto. 



20 



h). The comp^is:uon of claim 1 v^hcrrin each of said earners is formed as thin 
transverse sections of an assembly compnsmg N pre-existing filaments of M 
different colors and bandied together such that when sectioned they produce 
earners with M color indicia at each of N positions, 

^U. 1 he composilion ot claim l , wnerem tne came; inaicia is a nanocrystai. 



30 

2 1 . A method of detecting two or more target molecules in an analyte capable of 
20 binding specifically to two or more known different compounds on different 

carriers from a carrier [ibrary contained in an sample, comprising the steps of 
(a) partitioning ihc earner library into a plurality of sublibranes and sptining 

the analvte into a plurality of suhanalytes. 
(bi contacting each subanalytc with a sublibrary in a condition in where each 
25 target molecule can bind specifically to corresponding sublibrary^ earners 

and where condiuons are independent for each sublibraries, 
(c I pooling together carriers from all sublibraries, 
(d) distributing the carriers on a surface, 
fe) detectini; carriers having bound target molccu[e(s) and 
30 (fl decoding the carriers having bound target molecules, to identify each 

compound that bound target molecules are bound. 
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22. A method of multiple.vng t-he detection and quaniificauon ofanaiNtes cotnprising 
the steps ot': 

(a) attaching probes specit'ic for a set of ana:-;tcs to a corresponding set of 

specifically designated distinguiihahle carriers; 
(bi reacting said de^ignaled distinguishabie carriers v-ith said anaiytes; 
(c) measuring signal in association wiLh ca:h sa:d designated distinguishable 

earner. 

23 The method ot" claim 22 where the earners are aeposited on a surface. 

24. Tne method of claim 23 vvhere the anal>ies are aetenr.med by a combination of 
features inherent to the carriers and the position of the earners on the surtace. 

25 The composition of ciajm 2 where the layers are ru5ed glass fibers. 
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.u^rti w^'ih uic.« Tor ch«n^! Ubr^ preparation And Kr^nirg ir. c«-T, m ui. »n ^ cv.^-^.cd by ihc roUomng 

Biix^rit- & MoJ Chcm. Lett, 3(3): 415-430 ; 1^3) 
5,770.455 A, U3 Cirgtli c< iJ- 

L!^ 5 741, +62 A. U3 Nova ct iL . , u orn" 

' .pccvca lulcd ibove dc noc reUte a .^^le ^venuve ^r.e^* aadcr PCT Rule 13.1 b^u^. ur^r PCT 

R ^3 - :hc apec^ U.k the .ait>c of cnrre-Tx.rHJ.ng .peciil t^H-'uci: fc^iJ^ra for Lhe foUowir^ rc^ioru: TT^e ip:c:« 
.'n^rof ^.vaiL^r, aa draw. ^ d^ffc^nt earner. w.lS dafc.^. ^dK^ m :ombiru:ion ^..th dufcrmt 

:r,c.T.t>cT ccrr.poLiTdJ Thoi. each ifxxiej orcompoiilioa u cjf Jiffcrenc itr^CLfC. 
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